
SPECIFICATION 
TITLE OF THE INVENTION 
PORTABLE IMAGE DISPLAY 
This application claims benefit of Japanese Application 
5 No. 2000-151462 filed in Japan On 5.23,2000, the contents of 
which are incorporated by this reference. 

BACKGROUND OF THE INVENTION 
The present invention relates generally to a portable 
image display, and more particularly to a portable image 
10 display that can be added to portable telephones or portable 
information terminals . 
-3 In recent years, image displays, especially head or face 

01 mounted image displays designed to allow individuals to enjoy 

s - s 

p images on large screens or for other purposes have been under 

15 intensive developments. With the recent spread of portable 
telephones or information terminals, there is also a growing 
demand for viewing images or textual information on portable 

a - 3 

^ telephones or information terminals on large screens. 

^ Among head mounted image displays known so far in the 

20 art, there is a display system comprising a CRT^or other 
image display device, an image transmission device for 
transmitting an image on the image display device to an 
object plane and a toric reflecting surface for projecting 
the image on the object plane in the air (see United States 
25 Patent No. 4,026,641). There is also available a refraction 
type image display system comprising a relay optical device 
for forming an image on a liquid crystal display (LCD) or 
other image display device in the air, and an eyepiece 



optical device including a decentered concave mirror for 
guiding the thus formed image to the eyeball of an observer 
(see JP-A 06-294943). 

However, these systems, because of using a large optical 
system, are found to be unsuitable for use on portable 
telephones or information terminals. 

SUMMARY OF THE INVENTION 

In view of such problems with prior art as mentioned 
above, an object of the present invention is to make an 
observation portion of an image display system so compact 
that it can be mounted on a portable telephone or information 
terminal . 

According to one aspect of the present invention, this 
object is achieved by the provision of a portable image 
display having data communication means , which comprises a 
speaker portion for catching sounds , a microphone portion for 
picking up sounds, an image display device and a viewing 
optical system for forming an exit pupil to view an image 
displayed on the image display device and having a generally 
positive refracting power, characterized in that: 

said viewing optical system is constructed of at least 
one prism member comprising an entrance surface through which 
a light beam emanating from said image display device is 
entered into a prism, at least one reflecting surface at 
which said light beam is reflected within the prism and an 
exit surface through which said light beam leaves the prism, 
wherein said at least one reflecting surface has a curved 
surface shape for imparting power to a light beam, said 
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curved surface shape being defined by a rotationally 
asymmetric surface shape capable of making correction for 
decentration aberrations . 

Reference is now made to the action of this arrangement* 
Especially for a portable image display increasingly required 
to have smaller size, it is preferable that the optical 
system for forming an exit pupil and having a positive 
refracting power is constructed of one prism member having a 
lens action. By use of one prism member, it is possible to 
achieve an optical system of smaller size. To obtain 
satisfactory aberration performance, it is preferable that 
the prism member comprises an entrance surface through which 
a light beam emanating from an image display device is 
entered into a prism, at least one reflecting surface at 
which the light beam is reflected within the prism and an 
exit surface through which the light beam leaves the prism, 
wherein said at least one reflecting surface has a curved 
surface shape for imparting power to a light beam, said 
curved surface shape being defined by a rotationally 
asymmetric surface shape capable of making correction for 
decentration aberrations . 

According to the second aspect of the present invention, 
there is provided a portable image display having data 
communication means, which comprises an image display device 
and a viewing optical system for forming an exit pupil to 
view an image displayed on the image display device and 
having a generally positive refracting power, characterized 
in that: 



said viewing optical system comprises a prism portion 
and a reflecting portion having a reflecting surface, 

said image display device and said prism portion are 
received in a body of said portable image display, 

said reflecting portion is held by a separate frame 
member , and 

said frame member is receivable in said body. 

Reference is now made to the action of this arrangement. 
To achieve an optical system of smaller size for a portable 
image display, it is effective to make use of a reflecting 
portion held by a frame member receivable in the body 
thereof. As mentioned above, size reductions may be 
accomplished by use of one prism member. If the reflecting 
member having a reflecting surface is designed to be 
receivable in the body, then the size of the portable image 
display can be much more reduced. 

According to the third aspect of the present invention, 
there is provided a portable image display having data 
communication means, which comprises a speaker portion for 
catching sounds , a microphone portion for picking up sounds , 
an image display device, a viewing optical system for forming 
an exit pupil to view an image displayed on the image display 
device and having a generally positive refracting power, an 
image pickup device and an image pickup optical system for 
forming an image on the image pickup device, characterized in 
that : 

said viewing optical system is constructed of at least 
one prism member. 
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Reference is now made to the action of this arrangement. 
The portable image display of the present invention may 
further comprise an image pickup device and an image pickup 
optical system for forming an image on the image pickup 
device. To reduce the entire size of the image display, it 
is preferable that the viewing optical system is constructed 
of at least one prism member. 

According to the fourth aspect of the present invention, 
there is provided a portable image display having data 
communication means, characterized by comprising a first 
image display device having a pixel pitch Pm, a second image 
display device having a pixel pitch Pn and a viewing optical 
system for forming an exit pupil to view an image displayed 
on the first image display device and having a generally 
positive refracting power, and satisfying the following 
condition ( 1 ) : 



The action of this arrangement is now explained. With a 
portable image display, textual or imagewise data on a 
display device are directly viewed or viewed on an enlarged 
scale. Especially when images of high definition are viewed 
through a viewing optical system having a generally positive 
refracting power on an enlarged scale, it is preferable to 
make use of an image display device having a fine pixel 
pitch. For direct viewing of images not through any 
magnifying optical system, on the other hand, no problem 
arises even when the pixel pitch is more or less large. 
Usually, an image display device having a fine pixel pitch is 



0.01 < Pm/Pn < 0.8 



(1) 




unfavorable in terms of cost. Accordingly, it is preferable 
to make use of an image display device having a large pixel 
pitch for direct-view purposes. For these reasons, the 
present invention uses a direct-view display device and a 
magnifying display device which satisfy condition (1). 

To improve the easy-to-carry capability of the portable 
image display, it is required to make the magnifying optical 
system compact. For direct viewing with ease of use, on the 
other hand, this optical system must have a large display 
area. To this end the following condition (2) should 
preferably be satisfied. 

0.01 < Sm/Sm < 0.5 • • • (2) 

Here Sm the display area of the magnifying image display 
device and Sn is the display area of the direct-view image 
display device. 

To allow the portable image display of the present 
invention to achieve high-definition views of a magnified 
image with size and cost reductions, it is preferable to 
satisfy both conditions (1) and (2). 

According to the fifth aspect of the present invention, 
there is provided a portable image display having data 
communication means, characterized by comprising a data 
storage means, a means for indicating the end of data 
reception, an image display device and a viewing optical 
system for forming an exit pupil to view an image displayed 
on the image display device and having a generally positive 
refracting power. 

Reference is now made to the action of this arrangement. 



When an image is viewed through the viewing optical system, 
the user does not often peer through the viewing optical 
system during reception of the data to be viewed. Especially 
when the data are viewed on an enlarged scale, a long- 
duration view offers user fatigue. For this reason, it is 
preferable to provide the means for indicating the end of 
data reception. For instance, the end of data reception may 
be indicated by allowing a light to come on or a sound. 

In the present invention, it is preferable to satisfy 
condition (1). More preferably, however, the following 
condition (1-2) should be satisfied. 

0.03 < Pm/Pn < 0.5 (1-2) 

In the present invention, it is preferable to satisfy 
condition (2). More preferably, however, the following 
condition (2-2) should be satisfied. 

0.04 < Sm/Sn < 0.3 ••• (2-2) 

For correction of aberrations, the prism member used for 
the viewing optical system should preferably comprise at 
least two surfaces for reflecting a light beam within a 
prism. Preferably in this case, said at least two surfaces 
are each defined by a rotationally asymmetric surface shape. 

In each of the arrangements according to the present 
invention, it is preferable to use a data storage means for 
magnified viewing. 

For instance, images transmitted using a communication 
function are displayed on the image display device, so that 
they are viewed on an enlarged scale through the viewing 
optical system. To retrieve the required data or transmit 



them to separate equipment, it is preferable to provide 

I u 

storage means for storing the desired data. 

In each of the arrangements of the present invention, 
there should preferably be provided a light source for 
illuminating the image display device and an illumination 
optical system for illuminating the image display device. 

In each of the arrangements of the present invention, it 
is preferable for energy savings that when a plurality of 
image display devices are used, the image display devices not 
in service are not illuminated. 

In each of the arrangements of the present invention, it 
is preferable that when an image on the image display device 
is viewed, the image is turned on the basis of whether the 
body of the portable image display is held by the right hand 
or the left hand. 

In each of the arrangements of the present invention, it 
is preferable that the microphone portion for picking up 
sounds extends from the body of the portable image display 
such as a portable telephone. 

In each of the arrangements of the present invention, it 
is preferable that the speaker portion for catching sounds 
extends from the body of the portable image display such as a 
portable telephone. 

In each of the arrangements of the present invention, it 
is preferable that the speaker portion, operating portion and 
magnifying viewing optical system are mounted in order from 
the top side of the body. 



In each of the arrangements of the present invention, it 
is preferable that a liquid crystal display (LCD) or plasma 
display may be used for the image display device. 

Still other objects and advantages of the invention will 
in part be obvious and will in part be apparent from the 
specification. 

The invention accordingly comprises the features of 
construction, combinations of elements, and arrangement of 
parts which will be exemplified in the construction 
hereinafter set forth, and the scope of the invention will be 
indicated in the claims . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view of the construction of the 
portable image display according to Example 1 of the 
invention. 

Fig. 2 is a side view illustrative of the construction 
and action of a viewing unit in Example 1 . 

Fig. 3 is an optical path diagram for a viewing optical 
system used in Example 1. 

Fig. 4 is a pictorial view illustrative of how to use 
the portable image display according to Example 1 . 

Fig. 5 is illustrative of one example of an illumination 
optical system for the viewing unit in Example 1 . 

Fig. 6 is a perspective view of the construction of the 
portable image display according to Example 2 of the 
invention . 

Fig. 7 is a side view illustrative of the construction 
and action of a viewing unit in Example 2 . 



Fig. 8 is an optical path diagram for a viewing opt 
system used in Example 2 . 

Fig. 9 is a perspective view illustrative of the 
construction of the portable image display according to 
Example 3 of the invention. 

Fig. 10 is a perspective view illustrative of the 
construction of another embodiment of the portable image 
display according to Example 3 of the invention. 

Fig. 11 is a perspective view illustrative of the 
construction of the portable image display according to 
Example 4 of the invention. 

Fig. 12 is a perspective view illustrative of the 
construction of the portable image display according to 
Example 5 of the invention. 

Fig. 13 is an optical path diagram for another 
embodiment of the optical system usable for the viewing 
optical system according to Example 1 . 

Fig. 14 is an optical path diagram for yet another 
embodiment of the optical system usable for the viewing 
optical system according to Example 1 . 

Fig. 15 is an optical path diagram for a further 
embodiment of the optical system usable for the viewing 
optical system according to Example 1 . 

Fig. 16 is an optical path diagram for a further 
embodiment of the optical system usable for the viewing 
optical system according to Example 1 . 
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Fig. 17 is an optical path diagram for a further 
embodiment of the optical system usable for the viewing 
optical system according to Example 1 . 

Fig. 18 is an optical path diagram for a further 
embodiment of the optical system usable for the viewing 
optical system according to Example 1 . 

Fig. 19 is an optical path diagram for a further 
embodiment of the optical system usable for the viewing 
optical system according to Example 1. 

Fig. 20 is an optical path diagram for a further 
embodiment of the optical system usable for the viewing 
optical system according to Example 1 . 

Fig. 21 is an optical path diagram for another 
embodiment of the optical system usable for the viewing 
optical system according to Example 2 . 

Fig. 22 is an optical path diagram for a further 
embodiment of the optical system usable for the viewing 
optical system according to Example 2. 

Fig. 23 is an optical path diagram for a further 
embodiment of the optical system usable for the viewing 
optical system according to Example 2. 

Fig. 24 is an optical path diagram for a further 
embodiment of the optical system usable for the viewing 
optical system according to Example 2 . 

Fig. 25 is an optical path diagram for a further 
embodiment of the optical system usable for the viewing 
optical system according to Example 2 . 



DESCRIPTION OF THE PREFERRED 



EMBODIMENTS 



The portable image display of the present invention is 
now explained with reference to some preferred examples. 
Example 1 

Example 1 is constructed as shown in the perspective 
view of Fig. 1, wherein 1 indicates a portable image display 
body, 2 a viewing unit, 3 a speaker portion, 4 a microphone 
portion, 5 an antenna portion, 6 a direct-view liquid crystal 
display unit, 7 a set of push buttons, 8 an operating stick 
portion, and 21 a signal light for indicating the end of data 
reception. It is here noted that the end of data reception 
may also be indicated by sounds. 

As shown in Fig. 2, the viewing unit 2 comprises an LCD 
or other image display device 9 and a prism member 10 for 
viewing an image displayed on the image display device. The 
viewing unit 2 is mechanically connected to the body 1 at a 
lower site 20 of the body 1 while, when not used as shown by 
a dotted line 11 in Fig. 2, the viewing unit 2 can be folded 
down on the body 1 , so that a compact portable image display 
can be achieved. 

The viewing unit 2 constructed in such a way that it can 
be folded down on the body 1 does not only achieve 
compactness but also ensures that when the viewing unit 2 is 
not in service, any possible damage to the prism member 10 
can be prevented. This is because when the viewing unit 2 is 
folded down, the exit surface 14 (Fig. 3) of the prism member 
10 is positioned in proximity to the body 1 and so is 
concealed from the outside. 



The prism member 10 used in the viewing optical system 
comprises^ as shown in Fig. 3, an entrance surface 12 for 
entering a light beam emerging from the image display device 
9 into the prism, at least one reflecting surface 13 for 
reflecting the light beam in the prism, and an exit surface 
14 from which the light beam emerges. The reflecting surface 
has a curved surface shape for imparting power to the light 
beam. Preferably in this example, the curved surface shape 
should be defined by a rotationally asymmetric surface shape 
capable of making satisfactory correction for various 
decentration aberrations of the prism and making the prism 
compact. The light beam leaving the image display device 9 
is totally reflected at the combined exit and reflecting 
surface 14 upon transmission through the entrance surface 12, 
and then reflected at the reflecting surface 13 with an 
antiref lection coating thereon. Finally, the light beam 
leaves the exit surface in the form of a substantially 
infinite light beam. 

In this example, the viewing unit 2 comprises a 
magnifying display device 9 and the direct-view display 
device 6 having such specifications as set out below. 

Table 1 

Pixel Pitch utci Size (H x V) mm 

Display Device 9 0.012 9. 6x7. 2 

Display Device 6 0.25 30 x 40 

Instead of the magnifying display device 9 shown in 
Table 1, another magnifying display device of 0.038 pm or 



0.005 in pixel pitch may be used for the portable image 
display of the invention. 

Instead of the direct-view display device 6 shown in 
Table 1, another direct-view display device of 0.12 ^m or 
5 0.058 jjm in pixel pitch may be used for the portable image 
display of the invention. 

Instead of the magnifying display device 9 shown in 
Table 1, another magnifying display device of 4.5 x 5 mm or 
13 X 15 mm in size may be used for the portable image display 
10 of the invention. 

Instead of the direct-view display device 6 shown in 
Table 1, another direct-view display device of 30 x 20 mm or 
30 X 60 mm in size may be used for the portable image display 
of the invention. 
15 The portable image display of the invention may 

additionally comprise an image data storage for viewing 
stored image data through the viewing unit. The stored image 
data may be transmitted and received via a communication 
function. 

20 Especially to reduce the size of the viewing unit 2 

likely to become large, the storage should be built in the 
body 1 . 

^ As shown in Fig. 4, when viewing image data, it is 

difficult to manipula\g a set of push buttons 7 because the 
viewing unit 2 must be ^ close to the eye as possible. It 
is then preferable to use fl^e operating stick 8. By using 
the operating stick 7 mounteow on the side of the portable 



image display ,^'S^eration can be carried out while viewing 
images through the ij^wing optical system. 

Fig. 4 shows that the portable image display is held 
with the left hand. However, it is preferable to add a 
similar operating stick (not shown) on the opposite side of 
the body so that operation can be carried out even when the 
portable image display is held with the right hand. It is 
acceptable to attach one detachable operating stick to each 
side of the body. 

Referring here to the liquid crystal display device 9 in 
the viewing unit of the invention, a backlight is used as an 
illumination means when transmission liquid crystals are used 
therefor. Thus, when the transmission liquid crystals are 
used, it is required to use an illumination optical system 
therewith. It is then preferable to illuminate the liquid 
crystal display device 9 using a wedge prism, a powered prism 
or a diffractive element. Fig. 5 shows an example of 
illumination using a wedge prism, wherein 30 stands for a 
wedge prism and 31 a light source. A light beam emanating 
from the light source 31 is shaped through a beam shaping 
element 33 and then reflected at the slant surface 32 of the 
wedge prism 30, so that the liquid crystal display unit 9 can 
be illuminated. The beam shaping element 33 is made up of a 
refracting lens or diffractive optical element. 
Example 2 

Example 2 is constructed as shown in the perspective 
view of Fig. 6, wherein 1 indicates a portable image display 
body, 2a a viewing unit body, 2b a reflecting surface of the 



viewing unit, 3 a speaker, 4 a microphone, 5 an antenna, 6 a 
liquid crystal display unit, 7 a set of push buttons, 8 an 
operating stick, and 21 a signal light for indicating the end 
of data reception. As shown in Fig. 7, the viewing unit body 
2a comprises an LCD or other image display device and a prism 
member for viewing an image displayed on the image display 
device. The reflecting surface 2b of the viewing unit is 
made up of one reflecting member. When not used as shown by 
a dotted line 11 in Fig. 7, the reflecting surface 2b of the 
viewing unit can be folded down on the body 1 , so that a 
compact portable image display can be achieved. 

•ft^e viewing unit constructed in such a way that it can 
fbB folded a^^non the body 1 does not only achieve 
compactness butS^so ensures that when the body 2a and 
reflecting surface zb^^re not used, any possible damage to 
and contamination of the E*^lecting surface 2b can be 
prevented. This is because wr^n folded down on the body 1, 
the reflecting surface 12b is portioned in proximity to the 
body 1 and so is concealed from the oh>^ide. 

This example comprises a magnifying display device and a 
direct-view display device 8 having the same specifications 
as in Table 1 in Example 1 . 

As shown in Fig. 8, the viewing unit comprises a prism 
member 10 having an entrance surface 12 for entering a light 
beam emanating from an image display device 9 into the prism, 
reflecting surfaces 13, 14 and 15 for reflecting the light 
beam in the prism and an exit surface 16 through which the 
light beam leaves. The reflecting surface 14 has a curved 



surface shape for imparting power to the light beam. 
Preferably in this example, the curved surface shape should 
be defined by a rotationally asymmetric surface shape capable 
of making satisfactory correction for various decentration 
5 aberrations of the prism and making the prism compact. After 
leaving the exit surface 16, the light beam is reflected at 
the reflecting surface 17 of the reflecting surface 2b of the 
viewing unit to form an exit pupil E. The light beam also 
forms a primary image halfway between the exit surface 16 and 
10 the reflecting surface 17. These are combined together to 
make the prism member 10 compact. 

The reflecting surface 17 has a curved surface shape for 
imparting power to the light beam. Preferably in this 
example, the curved surface shape should be defined by a 
15 rotationally asymmetric surface shape capable of making 

satisfactory correction for various decentration aberrations 
of the prism and making the prism compact. 

The portable image display according to this example of 
the invention may additionally comprise an image data storage 
20 for viewing stored image data through the viewing unit. The 
stored image data may be transmitted and received via a 
communication function. 

Especially to reduce the size of the viewing unit likely 
to become large, the storage should be built in the body 1. 
25 As in Example l\ when viewing image data, it is 

difficult to manipulate^ a set of push buttons 7 because the 
C^^viewing unit 2 must be a^^lose to the eye as possible. It 
is then preferable to use tRe operating stick 8. By using 



the operating stick ^mounted on the side of the portable 
image display, operatioiNcan be carried out while viewing 
images through the viewing o^^^cal system. 

As in Example 1, it is preferable to add a similar 
operating stick (not shown) on the opposite side of the body 
so that operation can be carried out even when the portable 
image display is held with either one of the right and left 
hands . It is acceptable to attach one detachable operating 
stick to each side of the body. 

In this example, too, the liquid crystals in the viewing 
unit may be illuminated as in Example 1 . 
Example 3 

El^ample 3 is constructed as shown in the perspective 
view of F*^. 9. In this example, an image pickup optical 
system 41 is a^^^ to the portable image display of Example 
1. The image picku^s^tical system 42 comprises an image 
pickup lens having a gene^*^ly positive refracting power and 
a CCD or other image pickup de*^fvice, so that any desired image 
can be phototaken. The phototakenStmage can be viewed 
through the liquid crystal display devibe 6, and the viewing 
unit 2 as well. Using data communication mefebj;^ , the 
phototaken image data may be transmitted to others^ceiver . 

Fig. 10 is illustrative of a modification to Example 2, 
wherein an image pickup optical system 41 is added to the 
portable image display of Example 2 . 

Herein, the image pickup optical system 41 is positioned 
at the upper site of the portable image display. However, it 
is appreciated that the image pickup optical system 41 may be 



disposed at any desired site of the portable image display. 
It is acceptable to mount the image pickup optical system 41 
on the image display body in a detachable manner. 
Example 4 

Example 4 is constructed as shown in the perspective 
view of Fig. 11, wherein a pop-up speaker 42 is mounted on 
the portable image display body 1 of Example 1. When the 
size of the portable image display of the invention is too 
much reduced, the distance between the viewing unit 2 and the 
speaker becomes too short or while the eye is brought nearer 
to the viewing unit 2, the speaker is too far away from the 
ear to catch sounds from the speaker. This inaudible problem 
can be solved by providing such a pop-up speaker 42 on the 
body 1 as shown in Fig. 11. 

This example may be applied to the portable image 
display of Example 2 . 
Example 5 

Example 5 is constructed as shown in the perspective 
view of Fig. 12, wherein a pop-up microphone 43 is mounted on 
the portable image display body 1 of Example 1 . When the 
size of the portable image display of the invention is too 
much reduced, the distance between the viewing unit 2 and the 
microphone is too short or while the eye is brought nearer to 
the viewing unit, the distance between the microphone and the 
mouth is too long to achieve sufficient transmission of 
sounds to the microphone. This problem can be solved by 
providing such a pop-up microphone 4 3 on the body 1, as shown 
Fig. 12. 



This example may be applied to the portable image 
display of Example 2 . 
Example 6 

Example 6 is directed to prism members 10 used for the 
viewing optical system and constructed as shown in Figs. 13 
to 20. More specifically, this example is directed to 
further embodiments of the viewing optical system of Example 
1. In these drawings, reference numeral 10 indicates a prism 
member, 9 stands for a liquid crystal or other image display 
device, and E represents an exit pupil position. These prism 
members may be used for the viewing optical system of the 
invention, as briefly explained below. 

Referring to Fig. 13, the prism member 10 comprises a 
first surface 12, a second surface 13 and a third surface 14. 
A light beam emanating from the image display device 9 enters 
the prism member 10 upon refraction at the first surface 12, 
and reaches the second surface 13 whereat the light beam is 
internally reflected. Then, the reflection light enters the 
third surface 14 whereat it is refracted, leaving the exit 
pupil E in the form of a substantially infinite light beam. 

Referring to Fig. 14, the prism member 10 comprises a 
first surface 12, a second surface 13, a third surface 14 and 
a fourth surface 15. A light beam emanating from the image 
display device 9 enters the prism member 10 upon refraction 
at the first surface 12, and reaches the second surface 13 
whereat it is internally reflected. Then, the reflection 
light arrives at the third surface 14 whereat it is 
internally reflected, and enters the fourth surface 15 



whereat the reflection light is refracted, leaving the exit 
pupil E in the form of a substantially infinite light beam. 

Referring to Fig. 15, the prism member 10 comprises a 
first surface 12, a second surface 13 and a third surface 14. 
A light beam emanating from the image display device 9 enters 
the prism member 10 upon refraction at the first surface 12, 
and reaches the second surface 13 whereat the refraction 
light is totally reflected. The reflection light enters the 
third surface 14 whereas it is internally reflected, and goes 
back to the first surface 12 whereat the reflection light is 
now totally reflected. The reflection light goes back to the 
second surface 13 whereas it is now refracted, leaving 
through the exit pupil E in the form of a substantially 
infinite light beams. 

Referring to Fig. 16, the prism member 10 comprises a 
first surface 12, a second surface 13, a fourth surface 14 
and a fourth surface 15. A light beam emitted from the image 
display device 9 enters the prism member 10 upon refraction 
at the first surface 12, and reaches the second surface 13 
for internal reflection thereat. The reflection light goes 
back to the first surface 12 whereat it is totally reflected, 
and the reflection light enters the third surface 14 for 
internal reflection thereat. The reflection light enters the 
fourth surface 15 whereat it is refracted, leaving through 
the exit pupil E in the form of a substantially infinite 
light beam. 

Referring to Fig. 17, the prism member 10 comprises a 
first surface 12, a second surface 13, a third surface 14 and 
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a fourth surface 15. A light beam emitted from the image 
display device 9 enters the prism member 10 upon refraction 
at the first surface 12, and arrives at the second surface 13 
for internal reflection thereat. The reflection light enters 
the third surface 14 whereat it is internally reflected. The 
reflection light goes back to the second surface 13 for 
internal reflection thereat, and enters the fourth surface 15 
for refraction thereat, leaving through the exit pupil E in 
the form of a substantially infinite light beam. 

Referring to Fig. 18, the prism member 10 comprises a 
first surface 12, a second surface 13, a third surface 14 and 
a fourth surface 15. A light beam emanating from the image 
display device 9 enters the prism member 10 upon refraction 
at the first surface 12, and arrives at the second surface 13 
for internal reflection thereat. The reflection light goes 
back to the first surface 12 for total reflection thereat, 
and the total reflection light enters the third surface 14 
whereat it is internally reflected. Then, the reflection 
light goes back to the first surface 12 for total reflection 
thereat. Finally, the total reflection light enters the 
fourth surface 15 for refraction thereat, leaving through the 
exit pupil E in the form of a substantially infinite light 
beam. 

Referring to Fig. 19, the prism member 10 comprises a 
first surface 12, a second surface 13 and a third surface 14. 
A light beam coming from the image display device 9 enters 
the prism member upon refraction at the first surface 12, and 
reaches the second surface 13 for internal reflection 
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thereat. The internal reflection light goes back to the 
first surface 12 for total reflection thereat, and arrives at 
the second surface 13 whereat it is totally reflected • 
Finally, the total reflection light again goes back to the 
second surface 13 for refraction thereat, leaving through the 
exit pupil E in the form of a substantially infinite light 
beam. 

Referring to Fig. 20, the prism member 10 comprises a 
first surface 12, a second surface 13 and a third surface 14. 
A light beam emitted from the image display device 9 enters 
the prism member 10 upon refraction at the first surface 12, 
and reaches the second surface 13 for total reflection 
thereat. The total reflection light goes back to the first 
surface 12 for total reflection thereat, and again reaches 
the second surface 13 for total reflection thereat. The 
total reflection light goes back to the first surface 12, and 
again arrives at the second surface for total reflection 
(third time) thereat. The total reflection light goes back 
to the first surface 13 for total reflection (third time). 
Finally, the total reflection light enters the third surface 
14 for internal reflection thereat, and goes back to the 
first surface 12 whereat it is now refracted, leaving through 
the exit pupil E in the form of a substantially infinite 
light beam. 
Example 7 

Example 7 is directed to further embodiments of the 
viewing optical system of Example 2, as constructed in Figs. 
21 to 25. In these drawings, reference numeral 10 indicates 



a prism member, 17 shows a reflecting surface, 9 stands for a 
liquid crystal or other image display device, and E 
represents an exit pupil position. The prism member 10 and 
reflecting surface 17 may be used for the viewing optical 
system of the invention, as briefly explained below. 

Referring each of Figs. 21 and 24, the prism member 10 
comprises a first surface 12, a second surface 13, a third 
surface 14 and a fourth surface 15. A light beam emitted 
from the image display device 9 enters the prism member 10 
upon refraction at the first surface 12. Then, the 
refraction light reaches the second surface 13 for internal 
reflection, and arrives at the second surface 14 for internal 
reflection thereat. Then, the internal reflection light 
enters the fourth surface 15 for refraction thereat, leaving 
the prism member 10 to form an intermediate image on a 
primary image -format ion plane I. Thereafter, the light is 
reflected at the reflecting surface 17, leaving through the 
exit pupil E in the form of a substantially infinite light 
beam. 

Referring to each of Figs. 22 and 23, the prism member 
10 comprises a first surface 12, a second surface 13 and a 
third surface 14. A light beam emanating from the image 
display device 9 enters the prism member 10 upon refraction 
at the first surface 12. Then, the refraction light reaches 
the second surface for internal reflection thereat, and goes 
back to the first surface 12 whereat it is now totally 
reflected. Then, the total reflection light enters the third 
surface 14 for refraction thereat, leaving the prism member 



10 to form an intermediate image on a primary image- formation 
plane I. Thereafter, the light is reflected at the 
reflecting surface 17, leaving through the exit pupil E in 
the form of a substantially infinite light beam. 

Referring to Fig. 25, the prism member 10 comprises a 
first surface 12, a second surface 13, a third surface 14, a 
fourth surface 15 and a fifth surface 16. A light beam 
emitted from the image display device 9 enters the prism 
member 10 upon refraction at the first surface 12. Then, the 
refraction light reaches to the second surface 13 for 
internal reflection thereat, and arrives at the third surface 
14 for internal reflection thereat. Then, the internal 
reflection light reaches the fourth surface 15 for internal 
reflection thereat, and enters the fifth surface 16 for 
refraction thereat, leaving the prism member 10 to form an 
intermediate image on a primary image -format ion plane I. 
Thereafter, the light is reflected at the reflecting surface 
17, leaving through the exit pupil E in the form of a 
substantially infinite light beam. 

While the portable image display of the present 
invention has been described with reference to some preferred 
embodiments, it is appreciated that the present invention is 
not necessarily limited thereto; various modifications may be 
added thereto. 

As can be seen from the foregoing explanations, the 
present invention can provide a portable image display 
wherein the viewing unit thereof can be made so compact that 




it can be mounted on portable telephones or information 
terminals . 



